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Abstract: This paper investigates the influence of partial substitution of titanium by its hydride on the microstructure and mechanical
properties of TNM-BI alloy obtained by powder metallurgy technology. The impact of the Ti:TiH, ratio in the reaction mixture and
heat treatment modes on the microstructure and mechanical properties of TNM-B1+1%Y,0; alloy, obtained using high-energy ball
milling (HEBM), self-propagating high-temperature synthesis (SHS), and hot isostatic pressing (HIP) methods, has been examined.
It was observed that a 10 % substitution of titanium with its hydride in the reaction mixtures reduces the oxygen content in SHS products
from 1 % to 0.8 % due to the generation of a reducing atmosphere during the decomposition of TiH, in the combustion wave. When
the Ti : TiH, ratio is 90 : 10, highest mechanical properties of TNM-B1+1%Y,0; alloy were achieved: a compressive strength (o) of
1200£15 MPa and a yield strength (YS) of 1030£25 MPa. An increase in the proportion of TiH, results in a higher content of oxygen
impurity, leading to the formation of Al,05, which reduces the strength and ductility of the material. With additional heat treatment of
TNM-BI1+1%Y,05 alloy, the globular structure transforms into a partially lamellar one, leading to an increase in ¢, by 50—300 MPa,
depending on the TiH, content. This attributed to a decrease in the average grain size and a reduction in dislocation mobility during
deformation.
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Annortanus: B paGore vccienoBaHO BIUSHAE YACTUUHOTO 3aMEIeHU ST TUTAHA €ro THAPUIOM Ha MUKPOCTPYKTYPY M MeXaHUYESCKUE
cpoiictBa cniiaBa TNM-BI, monyyeHHOTro Mo TEXHOJOTUYM MOPOIKOBOM MeTajurypruu. Paccmorpeno Biuanne cootnomenns Ti:TiH,
B peaKLMOHHOI CMECH ¥ PEXMMOB TepMOOOPaOOTKY Ha MUKPOCTPYKTYpPY U MeXaHU4YecKue cBoiicTBa cmasa TNM-B1+1%Y,03, mo-
JIY4YEHHOTO C MCIMOJIb30BaHMEM METOJ0B BHICOKOOHEPreTUUeCKOil MexaHuyeckoit 06paborku (BOMO), camopacnpocTpaHsIIOmEerocs
BeIcOKOoTeMIMepaTypHoro cuHTe3a (CBC) u ropsiuero nzocraruueckoro npeccosanus (I'UIT). Yeranosnero, uto 10 %-Hoe 3amerie-
HUe TUTaHa ero THAPUIOM B PeaKIIMOHHBIX CMECSX TTO3BOJISIET yMEHBLINUTH cofepxkaHue kuciopona B CBC-nponykrax ¢ 1 no 0,8 %
6yiaroapsi CO31aHNI0 BOCCTAHOBUTEIbHON aTMocdepsl npu pasnoxenun TiH, B BonHe ropenus. Ilpu cootnomwenun Ti : TiH, =
=90: 10 TOCTUTHYTH MaKCUMaJIbHBIE MeXaHIUecKHe cBoiicTBa crtaBa TNM-BI+1%Y,05: mpouHocTs mpu cxkaTnu 6, = 120015 MITa
U npenen TeKyuecTu 6, = 1030£25 MIla. Poct nonu TiH, yBennuupaet comepkaHue IPpUMECHOTO KUCIOPO/A, TTIPUBOMSIIETO K 06~
pasoBaHuio Al,0O3, KOTOPBIl CHUXKAET MPOYHOCTb U MJIACTUYHOCTh MaTepuaia. 3a cueT JOMOJHUTEIbHON TepPMOOOpPabOTKY CIiia-
Ba TNM-B1+1%Y,05 rino06yiasipHast CTpyKTypa npeobdpasyercst B YaCTUYHO JaMeJUIIPHYIO, YTO NPUBOIUT K YBEJIUYEHUIO Gy Ha 50—
300 MIla B 3aBucumMocTu ot copepxanus TiH,. [Torydyaembrit apeKkT 06ycioBIeH yMEHBLIEHUEM CPEIHETO pa3Mepa 3epeH U CHUXe-
HUEM MOABUXHOCTHU AUCIOKALIUI pU fedopMaliuu.

KuoueBbie c0Ba: TUTAHOBBIE CIJIABBI, TUIPUI TUTAHA, TOPOUIKOBASI METAJIyPrusi, BRICOKOOHEpPreTuieckasi MexaHuueckasi oopadborka
(B®MO), camopacnpocTtpansitoniuiicst BbicokotemnepatypHblii cunte3 (CBC), ropsiuee nusocraruueckoe npeccosanue (I'MI1), mexanu-
YecKue CBOCTBA.

BaaronapuocTtu: Pabora BolroTHeHa 1py GUHAHCOBOI MoAIepXXKe MUHUCTEPCTBA HAYKU U BhIciero oopasoBanus PD B pamkax rocy-
napcTBeHHoro 3agaaHus (nmpoekt 0718-2020-0034).
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Ha ero ruJIpuIoM Ha CTPYKTYPY U CBOMCTBA KapornpoyHoro crijiaBa TNM-B1, mosy4eHHOro MeTo/10M ropsiuero M30CTaTuueckoro rnpecco-
BaHust CBC-niopouika. Hzeecmus 6y306. Lleemnas memannypeus. 2023;29(6):54—065.
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Introduction

Heat-resistant alloys based on TiAl/Ti3Al inter-
metallic compounds represent an independent class of
materials, the main feature of which is high strength at
elevated temperatures and heat resistance. These alloys
find applications in the field of engine construction,
where materials capable of enduring high-tempera-
ture loads for extended periods are essential [1]. Their
relatively low density (3.9—4.2 g/cm?) results in higher
specific strength when compared to nickel superal-
loys. Combined with exceptional creep resistance, this

makes them promising candidates for use as materials in
low-pressure turbine blades [2; 3].

Most industrial alloys based on TiAl/Ti;Al contain
between 43 to 48 atomic percent aluminum. The opti-
mal aluminum concentration depends on the presence
of dopants that influence the position of the yand o + v
phase regions on the Ti—Al phase diagram. Several ge-
nerations of alloys based on titanium aluminides have
been developed [4]. The Ist generation includes the
Ti—48A1—2Cr—2Nb alloy, known as GE4822, as well
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as low-alloy analogues like Ti—47A1—2Cr—2Nb and
Ti—48A1—2Cr—2Mn [4; 5]. The complexity of the al-
loying system using V, Zr, W, Ta, Mn, and other ele-
ments has led to the creation of 2" generation alloys
[6]. The 3rd generation alloys represent the most ad-
vanced materials within the TiAl-based family. They
are characterized by a high content of niobium, mo-
lybdenum, and the presence of boron, with the prima-
ry structural component consisting of o, + y eutectoid
colonies [7; 8].

Conventional methods for producing intermetallic
alloys based on TiAl include casting technologies, such
as vacuum induction melting [9]. These methods com-
pete with powder metallurgy techniques [10], which
encompass additive manufacturing allowing the pro-
duction of items with complex geometries from powder
[11]. Additionally, a combination of methods involving
high-energy ball milling (HEBM) of elemental pow-
der mixtures, self-propagating high-temperature syn-
thesis (SHS), and hot isostatic pressing (HIP) [12—14]
are utilized [12—14]. The key advantages of the latter
approach are the ability to produce materials with a
homogeneous, fine-grained structure and the suppres-
sion of the  phase formation, which is characteristic of
high-niobium alloys. A non-uniform distribution of the
B phase reduces creep resistance and high-temperature
strength [15].

In multicomponent alloys, the distribution of ele-
ments can be uneven due to their low solubility. The use
of HEBM can address this issue by enhancing the uni-
formity of the element distribution in the reaction mix-
ture, as well as increasing the reactivity of the charge,
which positively impacts the degree of conversion during
SHS [14].

The SHS process can be implemented in the layer-
by-layer combustion mode, resulting from local thermal
initiation [16; 17], or in the mode of volumetric combus-
tion (thermal explosion) [6]. This method is widely em-
ployed for obtaining intermetallic materials, including
titanium aluminides [13; 18].

Challenges in the production of intermetallic al-
loys through powder metallurgy methods include an
increased content of impurity oxygen and microstruc-
tural heterogeneity, leading to a decrease in high-tem-
perature strength characteristics [19; 20]. One solution
to this issue could be the partial substitution of metallic
titanium in the powder reaction mixture with its hydride
(TiH,). TiH, is easily ground in a planetary centrifugal
mill due to its high brittleness [19], uniformly distribu-
ted as individual particles that are insoluble in the matrix
[20], and decomposes to metallic titanium at relatively
low temperatures (400—750 °C) [21]. TiAl-based alloys
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with TiH, are not produced using conventional cast-
ing technology because titanium hydride promotes
active pore formation during decomposition and the
release of accompanying gases. However, in powder
technology, due to the staged nature and flexibility of
consolidation modes, the use of TiH, is of interest.
In this case, it is important to determine the optimal
Ti: TiH, ratio in the reaction mixture, considering
the composition of oxygen impurities, microstruc-
ture, and mechanical properties of consolidated and
heat-treated samples.

The objective of this research was to study the ef-
fect of partial substitution of titanium with its hydride
on the microstructure and mechanical properties of the
TNM-BI1 powder alloy.

Materials and methods
Initial materials

The following powder materials, produced in Russia,
were used in this study:

— titanium grade PTOM-1 (AO Polema, particle size

d =40 um);

— TiH, powder obtained through the hydrogenation

of titanium sponge (ZAO “Plasmoterm”, d ~ 12 um);

— aluminum PA-4 (AO “Polema”, d ~ 10 um);

— niobium NbP-3a (OO0 “GK SMM?”, d < 40 um);

— molybdenum PM-99.95 (AO “Polema”, d =5 pm);

— boron grade V-99A (OO0 “NPK Ermakhim”,

d~ 0.2 um);

— yttrium oxide nanopowder (ZAO “Plazmoterm”,

d ~ 20+100 nm).

These components were combined in the neces-
sary ratios to produce the well-known 3rd generation
TNM-BI alloy based on TiAl [13, 14], hereafter referred
to as TNM-B1+1%Y,05 in the text. The Ti : TiH; ratio in
the mixture was varied as follows (wt.%): 90 : 10, 80 : 20,
70 : 30, and 60 : 40.

High-energy ball milling

Powder mixtures were prepared in two stages. In
the first stage, Ti, TiH,, Nb, Mo, B, and Y,05 powders
were mixed in an Activator-4M planetary centrifugal
mill (PCM) (OO0 “Machine Building Plant Activa-
tor”, Russia). The grinding jars were rolled at a speed
of 694 rpm for a duration of 10 min. The weight ratio
of materials to grinding media was 1 : 15, and the jars
were filled with argon to protect the mixture against
oxidation. Subsequently, aluminum was added to the
Ti/TiH,—Nb—Mo—B—Y,0; alloy obtained after HEBM,
and it was mixed using a rotating ball mill for 2 h.
The weight ratio of the mixture components to grind-
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ing media was 1 : 10. The use of this mixer in the second
stage was necessary to prevent oxidation and the adhe-
sion of plastic aluminum to the jar walls and grinding
media.

Self-propagating
high-temperature synthesis

Briquetted powder mixtures, following HEBM, were
inserted into a tube furnace by advancing crucible with
briquettes into a hot zone heated to 900 °C to initiate the
SHS process in thermal explosion mode within an argon
atmosphere. Following SHS, annealing was conduct-
ed in a furnace for 30 min at the same temperature to
homogenize the chemical composition of the synthesis
products. Subsequent to sintering, the SHS workpieces
were crushed using a jaw crusher and a PCM to achieve
a powder with a particle size of less than 100 pm. The
desired fraction was then separated using sieve classifi-
cation.

Hot isostatic pressing

The resulting powder was consolidated by the HIP
method using an HIRP10/26—200 gas static extrud-
er (ABRA AG, Switzerland). Pre-forming workpieces,
which were cylindrical titanium capsules, were annealed
in a vacuum at a temperature of 1030 °C for 1 hour to
eliminate gas impurities. The HIP process was conduct-
ed at 1250 °C and a pressure of 160 MPa, with argon
serving as the pressure transfer medium. For the samples
consolidated via the HIP method, a heat treatment (HT)
was carried out for 2 h at a temperature of 1380 °C in
a Termionik T1 vacuum furnace (OOO “Termionika”,
Russia).

Research procedures for structure
and mechanical properties

Powder materials and compact samples were sub-
jected to X-ray diffraction analysis (XRD) using a D2
PHASER diffractometer (Bruker AXS GmbH, Ger-
many). Cuk,, radiation was employed in the diffrac-
tion angle range of 20 = 20°+100°, with an exposure
time of 0.6 s.

The microstructure of both powder and consolida-
ted samples was examined using an S-3400 N scanning
electron microscope (Hitachi, Japan), equipped with a
NORAN attachment for energy dispersive X-ray spec-
troscopy (EDX). The oxygen content in the mixtures
following each technological operation was determined
by incinerating the material in an inert atmosphere
using a TC-600 device (Leco, USA), in accordance
with ASTM E1019-18. Mechanical tests were conduc-
ted using uniaxial compression on cylindrical samples

(D6 x 9.0 mm) with a strain rate of ~0.001 s~!. These
tests were performed on an LF-100 kN universal testing
machine (Walter + Bai AG, Switzerland).

Results and discussion
High-energy ball milling

Figure 1 illustrates the microstructures of powders
with different Ti : TiH, ratios obtained using the HEBM
method. The base of powder agglomerates, formed du-
ring processing due to intense plastic deformation, con-
sists of titanium and its hydride. The primary compo-
nents are arranged in the form of alternating layers, up
to 3 um thick (Fig. 1, e). As the TiH, content increases,
the degree of their agglomeration into larger particles al-
so increases. The dopants, Nb, and Mo, are uniformly
distributed inside the particles in the form of thin layers.
This distribution enhances their dissolution rate within
the y-TiAl/a,-Ti;Al-based matrix during the SHS pro-
cess [13].

In the X-ray diffraction patterns obtained from the
ligature immediately after HEBM, only peaks corre-
sponding to the initial powder materials, including o.-Ti,
TiH,, Nb, and Mo, are evident (Fig. 2). The intensity of
the TiH, peaks increases in proportion to the fraction
of hydride in the master alloy, indicating that it remains
intact during the HEBM process and does not decom-
pose into metallic titanium and hydrogen. Niobium
and molybdenum, characterized by a BCC Ilattice with
an Im3m space group, are observed in granular form as
independent phases. This can be attributed to the low
solubility of these components in titanium, which has an
HCP lattice, owing to differences in crystal structure as
well as their high hardness and low plasticity.

Study of synthesis products
and their consolidation via hot isostatic pressing

After further mixing of Ti/TiH2—Nb—Mo—B—
Y,0; master alloys with aluminum and conducting
syntheses in thermal explosion mode, SHS-sintered
samples were obtained, and their microstructure and
phase composition were examined. It was observed that
the samples following SHS possess a uniform micro-
structure with localized regions enriched in the alloying
components Nb and Mo, as depicted in Fig. 3. No un-
reacted Ti and Al particles were detected. An increase
in the TiH, concentration in the initial mixture resulted
in a reduction in the grain size of the synthesis products.
This effect is attributed to the intense hydrogen evolu-
tion and, consequently, the disruption of the briquettes’
integrity, leading to increased porosity in the SHS-sin-
tered samples.

57



lzvestiya. Non-Ferrous Metallurgy e 2023 ¢ Vol. 29 ¢« No.6 e P.54-65
Markov G.M., Loginov P.A., Shvyndina N.V. et al. Influence of partial fitanium substitution by its hydride on structure and mechanical...

Fig. 1. Structure of Ti/TiH,—Nb—Mo—B—Y,0; powder particles after HEBM

TiH,, wt.%: 10 (a), 20 (), 30 (c), 40 (d, e)

Puc. 1. CtpykTtypa nopoukossix yactuu Ti/TiH,—Nb—Mo—B—-Y,0; nocie BOMO

TiH,, mac.%: 10 (a), 20 (b), 30 (c), 40 (d, e)

'Y < n
. o o-Ti
: [ < TiH,
< m Nb
5 [ T A Mo
s (|
Z | i =
‘@ | A [
§ 40 % TiH, lv ' | ° P A o n
= 300 iH, ' '
20 % TiH, V v
10 % TiH, i
0% TiH;
L L] L] L] T L
20 30 40 50 60 70 80 20, degree

Fig. 2. X-ray diffraction patterns of Ti/TiH,—Nb—Mo—B—-Y,0; powders after HEBM

(0%TiH, XRD pattern based on the data published in [13])

Puc. 2. PentreHorpammsl turaryp Ti/TiH,—Nb—Mo—B—Y,0; nocie BBMO

(Ha OCHOBe MaTepUaJioB, OMMYOJIMKOBAHHBIX B paboTte [13])

According to the XRD data (Fig. 4), the result-
ing SHS powder consists of 78 % v-TiAl (P4/mmm),
19 % 0,-TizAl (P63/mmc), and 3 % solid solution (Nb)
(Im-3m). The absence of TiH, peaks suggests that du-
ring the SHS process, this phase underwent complete
decomposition, and the resulting metallic titanium re-
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acted with aluminum. The formation of y-TiAl and
0,-Ti3Al follows a reaction diffusion mechanism. Ini-
tially, aluminum melts and spreads over the titanium
surface, accompanied by the creation of the TiAl; phase.
As the liquid phase diminishes and diffusion interaction
between Ti and TiAl; becomes active, intermetallic
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compounds form in the following sequence: TiAl, —
— TiAl — TizAl [24—26]. The powder particles obtained
via the SHS method exhibit a microgradient structure
based on the 0,-TisAl and y-TiAl phases (Fig. 3).
Compact samples of the TNM-B1+1%Y,05 alloy
were produced using the HIP method. To achieve a
lamellar microstructure, the alloys were further subjec-
ted to HT. The resulting microstructures of the alloy are

depicted in Fig. 5. The sample after HIP exhibits a fine-
grained globular structure inherited from SHS powders,
with the primary structural components taking the form
of y-TiAl and o,-Ti;Al phases. Fine aluminum oxide
particles are also observable in SEM images, but their
concentration in the alloy with 10 % TiH, is mini-
mal. X-ray diffraction patterns indicate that the in-
tensity of the peaks corresponding to the Al,O5 phase

ar Ti:Al o

Fig. 3. SHS-sintered samples’ structure after the addition of TiH, to the reaction mixtures

TiH,, wt.%: 10 (a), 20 (b), 30 (c), 40 (d)

Puc. 3. Ctpykrypa CBC-cniekoB, Mojly4eHHbIX U3 peaKLIMOHHBIX cMeceil ¢ nodasiaeHuem TiH,

TiH,, mac.%: 10 (a), 20 (b), 30 (c), 40 (d)

1 SHS, 10 % TiH,
2 HIP, 10 % TiH,

3 HIP + HT, 10 % TiH,
4 HIP + HT, 20 % TiH,
5 HIP + HT, 30 % TiH,
6 HIP+ HT, 40 % TiH,

T ey-Tial *
m o TiLAl
AALO,
=2
-~
5
E

20 30 40 50

60 70 80 20, degree

Fig. 4. X-ray diffraction patterns of alloy with varying TiH, content after SHS, HIP and HIP + HT

Puc. 4. PentreHorpaMmMsl crjiaBa ¢ pa3ianuHbelM copepxanuem TiH, nocae CBC, TUIT u TUIT + TO
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Ry

&

Colonies
via, B
P

Fig. 5. Structure of the TNM-B1+1%Y,05 alloy with 10% TiH, after HIP (a) and HIP + HT ()
Puc. 5. Crpyxrypa crimaBa TNM-BI+1%Y,05 ¢ 10 % TiH, mocne TUTI (a) u TUIT + TO (b)

increases in samples with the addition of 20 % TiH,
and higher.

Heat treatment of the TNM-B1+1%Y,0; alloy en-
abled the transformation of its structure from globular
to partially lamellar. During heating to 1380 °C, the al-
loy transitions from the two-phase region (o + ) of the
phase diagram to the single-phase region (a-Ti), where
the y-TiAl phase dissolves and becomes saturated with
aluminum. Upon cooling below the eutectoid trans-
formation temperature, the o phase disintegrates into
alternating dispersed lamellae of y-TiAl and o,-TisAl,
forming colonies. In between these colonies, a small
portion of equiaxed grains of the y-TiAl and o,-TizAl
phases remains.

Structure and mechanical properties
of TNM-B1+1%Y,0j5 alloy
after HIP and HIP + HT

The microstructures of TNM-BI+1%Y,05 alloy
samples after HIP and HIP + HT, which vary in the
TiH, content in the initial powders, are depicted in
Fig. 6. The alloys exhibit the presence of y-TiAl and
o,-TisAl phases with equiaxed and lamellar structures,
respectively. Additionally, a small amount of dispersed
solid solution particles (Nb, Mo) can be observed. As
the quantity of TiH, in the initial powder mixtures in-
creases, there is a tendency for the occurrence and an
increase in the content of Al,05. These Al,O5 particles
are presented in the form of dispersed particles locat-
ed along the boundaries of the coarse grains of y-TiAl
and o,-TizAl

To ascertain the reasons for the formation of Al,0O;
in compositions with a high TiH, concentration as a
precursor, the oxygen and nitrogen contents were ana-
lyzed after each technological procedure (HEBM, SHS,
and HIP). In this experiment, powder mixtures, SHS
products, and consolidated samples served as reference
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samples, prepared using only metallic titanium as the
initial material.

It was found that the oxygen concentration after
HEBM exhibited a weak dependence on the TiH, con-
tent and measured at 0.67 %, 0.57 %, 0.59 %, 0.68 %,
and 0.65 %, while the nitrogen concentration was
0.049 %, 0.039 %, 0.043 %, 0.046 %, and 0.052 % for
compositions with 0 %, 10 %, 20 %, 30 %, and 40 %
TiH,, respectively. The most substantial increase in
impurity oxygen was recorded at the SHS stage, rising
from 0.8 % to 2.8 % (Fig. 7). Following the HIP stage,
the amount of gas impurities remained nearly un-
changed.

Regarding the chemical purity of the alloys, the opti-
mal Ti : TiH, ratio was found to be 90 : 10 (Fig. 7). The
nature of the dependence of impurity oxygen content on
the TiH, amount in the initial charge can be explained
by two competing factors. On one hand, the presence
of TiH, in the charge creates a localized reducing at-
mosphere due to the release of hydrogen during its de-
composition in the SHS process. On the other hand, as
shown earlier, excessive gas evolution leads to increased
residual porosity in SHS-sintered products, an increase
in the specific surface area of synthesis products, and
adsorption.

The impact of TiH, content in the reaction mix-
tures on the mechanical properties of alloys after HIP
and HIP + HT was evaluated using strain diagrams de-
picting “true compressive stress — logarithmic strain”
(Fig. 8). The test results (refer to Table 1) demonstrat-
ed that the alloy with a Ti: TiH, ratio of 90 : 10 exhib-
ited the highest level of strength properties, with ¢, =
= 1200x15 MPa and YS = 1030+25 MPa. The reduc-
tion in strength and increased brittleness in samples with
higher TiH, content can be attributed to the embrittling
effect of Al,O5 particles.

In TNM-BI+1%Y,0; alloys, an improvement in
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(Nb, Mo)

40% TiH,

Fig. 6. Structure of the TNM-B1+1%Y,0; alloy after HIP (a) and HIP + HT (b)
Puc. 6. Crpykrypa ciaa TNM-B1+1%Y,05 nocie TUII (a) u TUIT + TO (b)

strength and resistance to plastic deformation was ob-
served after HIP + HT. This can be attributed to the
characteristics of the microstructure. The partially
lamellar structure results in a decrease in the average
size of grains and lamellae inside colonies, from 2.5 to
0.3 um. This reduction leads to a decrease in the mean
free path of dislocations during deformation. Nota-
bly, the alloy in which titanium was substituted by its

hydride also exhibited the highest strength, with ¢, =
= 1253+15 MPa and YS = 1090+30 MPa.

The studied alloys TNM-B1+1%Y,0;, both with
globular and partially lamellar microstructure, sur-
passed the classical alloy 4822 [2] and the more in-
tricately doped analogs, Ti—46Al—4Nb—I1Mo and
Ti—45A1—8.5Nb—0.2W—0.2B [27; 28], in terms of
strength.
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Fig. 7. Content of oxygen impurity in the TNM-B1+1%Y,04
alloy with Ti : TiH, varying ratios after HEBM, SHS, and HIP

Puc. 7. CogepxaHue MpuMeCHOro KMUCIopoaa
B critaBe TNM-B1+1%Y,0; ¢ pa3au4HBIM COOTHOIIEHUEM
Ti: TiH, nocie BOMO, CBC u I'MII

o, MPa
1400
a
1200 -
1000 4
800 -
600 —— TiAl + 10 % TiH,
400 4 —— TiAl + 20 % TiH,
JR— 1 + 0, M
200 TiAl + 30 % TiH,
— TiAl+40 % TiH,
0 0.05 0.10 0.15 e, %
o, MPa
1400
b
1200 -
1000 -
800 -
600 —— TiAl + 10 % TiH,
400 - — TiAl + 20 % TiH,
AL A0 T
200 4 TiAl + 30 % TiH,
— TiAl+40 % TiH,
0 0.05 0.10 0.15 e, %

Fig. 8. Stress-strain diagrams for the TNM-B1+1%Y,0; alloy
obtained from SHS powders after HIP (a) and HIP + HT (b)

Puc. 8. Iuarpammel jorapudmuueckoii aepopmainu
MpU cXaTUU AJs1 mojiydeHHoro u3 CBC-nopouikon
criaBa TNM-B1+1%Y,05 nocne T'UII (a) u TUIT + TO (b)

62

Mechanical properties of the TNM-B1+1%Y,05 alloy
compact samples following HIP and HIP + HT

MexaHuuyeckre CBOMCTBAa KOMITAKTHBIX 00pa31ioB
crutaBa TNM-B1+1%Y,0; nocne T'WUIT u TUIT + TO

Content
Treatment of TiH,, G, MPa | YS, MPa €, %
wt.%
10 1200£15 1030%£25  0.010
20 1053+50  953£20 0.009
HIP
30 830+45 — 0.007
40 742+32 — 0.006
10 1253£15 1090£30  0.010
20 1122+£55  988+25 0.009
HIP + HT
30 1165+£58 995+£15 0.010
40 630+25 — 0.005
Conclusions

1. The study investigated the influence of the
Ti : TiH, ratio in the reaction mixture, along with heat
treatment, on the microstructure and mechanical prop-
erties of the TNM-B1+1% Y,0; alloy, which was ob-
tained using the HEBM, SHS, and HIP methods. The
substitution of 10 % of titanium with its hydride in reac-
tion mixtures led to a reduction in the oxygen content in
SHS products from 1.0 % to 0.8 %. This reduction can
be attributed to the generation of a reducing atmosphere
during the decomposition of TiH, in the combustion
wave.

2. The maximum mechanical properties of the
TNM-BI+1%Y,05 alloy were achieved at a Ti : TiH,
ratio of 90 : 10, with the compressive strength (c,)) mea-
suring 1200£15 MPa and YS measuring 1030%+25 MPa.
However, an increase in the proportion of TiH, led to
a higher content of oxygen impurity, resulting in the for-
mation of Al,05. This, in turn, reduced the strength and
ductility of the material.

3. Heat treatment of the TNM-B1+1%Y,0; al-
loy transformed the globular structure into a partial-
ly lamellar one, resulting in an increase in ¢, by 50—
300 MPa, depending on the TiH, content. This im-
provement can be attributed to a reduction in the av-
erage grain size and a decrease in dislocation mobility
during deformation.
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